Abstract. Although protection of the kidneys by reninangiotensin system (RAS) inhibitors is well known, differences in renal protection and the characteristics of RAS inhibitors have not been fully investigated. We randomly allocated 80 patients with hypertension complicated by type 2 diabetes and accompanied by microalbuminuria to 4 groups for treatment with the angiotensin receptor blockers (ARBs) telmisartan, losartan, candesartan and valsartan. Strict antihypertensive therapy was performed for 12 months (target blood pressure: lower than 130/80 mmHg), and renal function was compared. At study completion, all groups achieved the hypotensive target and no difference was noted in blood pressure levels. However, influences on renal function differed. In the telmisartan group in particular, the serum creatinine level was unchanged while the urinary albumin level and protein excretion were significantly decreased, displaying a strong renoprotective effect. These findings suggest that, although renal protection is a class effect of ARBs, the effect of telmisartan is particularly strong.
Introduction
Microalbuminuria is not only a sign of the progression of renal impairment, but is also an independent risk factor of cardiovascular events (1) . Microalbuminuria was noted in approximately half of type 2 diabetic patients, even though urinary protein was not detected (2) . Moreover, its frequency rose as the severity of hypertension increased (3) , suggesting that the detection frequency of microalbuminuria in patients with concomitant type 2 diabetes and hypertension is very high. Since the renal and cardiovascular risks of these patients are high, aggressive therapy is necessary from an early stage. Strict glycemic and blood pressure control by the inhibition of the renin-angiotensin system (RAS) in the microalbuminuric stage has been suggested in order to inhibit the transition to manifest nephropathy and to normalize microalbuminuria (4) .
Although RAS inhibitors have been demonstrated to inhibit the progression of diabetic nephropathy in large-sale clinical studies (5, 6) , no study has directly compared the renoprotective effects of RAS inhibitors, and differences in the actions of the various drugs have not been fully investigated. In this study, we strictly controlled blood pressure in patients with early diabetic nephropathy (stage 2) by monotherapy with the angiotensin receptor blockers (ARBs) telmisartan, valsartan, candesartan or losartan, and prospectively investigated the effects of these anti-hypertensive drugs on renal protection.
Patients and methods
Eighty subjects with concomitant type 2 diabetes and hypertension were diagnosed with early nephropathy (stage 2) at the outpatient clinic of two institutions (Arai Clinic and Gifu Prefectural General Medical Center). Patient ages ranged from 60 to <85 years (Table I) . A causal blood pressure measured at the outpatient clinic of 140/90 mmHg or higher was diagnosed as hypertension. As for diabetes, patients undergoing diet and exercise therapy were selected. The criterion for early nephropathy was 30-299 mg/day urinary albumin in 24-h urine.
Patients meeting the above criteria were randomly allocated to 4 groups of 20 for treatment with telmisartan, valsartan, candesartan or losartan, and were prospectively followed for 12 months. The target blood pressure was <130/80 mmHg, and the dose of the anti-hypertensive drug was increased when this target was not achieved. The study objective and method were fully explained to the subjects, and written informed consent was obtained.
Causal blood pressure at the outpatient clinic, the serum creatinine level, creatinine clearance and urinary albumin level were measured before test drug administration (baseline) and after 2, 4, 6 and 12 months of administration. HbAlc was measured before and after administration for 12 months.
Changes in the evaluation parameters after test drug administration were analyzed by analysis of variance. Changes 
Results
Eighty patients meeting the inclusion criteria were randomly allocated to the test groups, each consisting of 20 patients. No significant differences were noted in the systolic/diastolic blood pressure, creatinine clearance or serum creatinine levels of the groups. At 12 months, the mean doses of, telmisartan, valsartan, candesartan and losartan were 48.0±16.4, 116.0±40.8, 10.2±2.0 and 71.3±21.9 mg/day, respectively. Blood pressure achieved the target value after test drug administration for 12 months, with no differences among the groups. Slight changes in the serum creatinine level were noted in all groups, the smallest of these being in the telmisartan group. Creatinine clearance was decreased in all groups.
The urinary albumin level was decreased in all groups, but the decrease from baseline was significant only in the telmisartan group (Table II) . At 12 months, a significant reduction of 28.7% was observed in the telmisartan group as compared to the baseline (Fig. 1) .
In the telmisartan group, HbA1c levels were significantly decreased to 6.1% from the baseline 6.3% after 12 months, but no significant change was noted in any other ARB group.
No adverse effects necessitated the discontinuation of test drug administration, and all test drugs were well tolerated.
Discussion
Patients with concomitant hypertension and type 2 diabetes accompanied by microalbuminuria received strict antihypertensive treatment with ARBs for 12 months. All groups achieved the target blood pressure, but significant differences were noted in the change in serum creatinine levels, creatinine clearance and urinary albumin levels; the serum creatinine level was not elevated. In all groups, the serum creatinine level and urinary albumin level were decreased, indicating renal protection. This was the case particularly in the telmisartan group, in which the serum creatinine level was unchanged and the urinary albumin level was significantly decreased, exhibiting potent protection of renal function. Table I . Patient demographics and characteristics at baseline. No. male (%) 10 (50) 10 (50) 10 (50) 10 (50) No. statin (%) 2 (10) 1 (5) 3 (15) 2 (10) - Table II . Comparison of the change in various parameters during the study.
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The improvement of diabetic nephropathy by ARBs has been demonstrated in large-scale clinical studies (5, 6) . In one such study, Telmisartan was shown to exhibit a renoprotective effect equivalent to that of the ACE inhibitor enalapril (7) . Currently, the INNOVATION study on renal protection by telmisartan is underway in Japan (8) . Excellent results were also presented at the Meeting of the International Society of Hypertension (2006) .
Based on the overall findings, although renal protection by ARBs is a class effect, the strength of the effect varies among drugs. Compared to other RAS inhibitors, telmisartan exhibits a marked renoprotective effect. It has a strong binding affinity for AT1 receptors and a long blood half-life, which enables the potent and stable reduction of blood pressure for 24 h (9). In addition it has characteristics, such as high tissue transfer, not possessed by other ARBs. This may contribute to its reduction of urinary albumin.
HbA1c, a parameter of glucose metabolism, was significantly decreased in the telmisartan group. Telmisartan was reported to activate PPARγ in addition to its AT1 receptor antagonism, indicating that it improves insulin resistance more strongly than other ARBs (10) . This improvement of glucose metabolism may be due to its activation of PPARγ.
In summary, blood pressure was strictly controlled by treatment with 4 ARBs in patients with concomitant hypertension and type 2 diabetes accompanied by microalbuminuria. The urinary albumin level was reduced in all groups, with the reduction being the most marked in the telmisartan group. These findings suggest that telmisartan has a particularly strong renoprotective action.
